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ABSTRACT 


Two fires occurred in an occupied, operational general merchandise warehouse on 
March 21,1996 in New Orleans, Louisiana. The building, which was completed in 
1991, occupied 1,134,770 square feet (105,420 m2), with the warehouse area mea¬ 
suring 930,020 square feet (86,400 m 2 ). The height of the building in the high-bay 
rack area was 72 feet (22 m). 

The warehouse contained a combination of high racks measuring 65 feet (20 m) high 
and low racks measuring 21 feet to 30 feet (6.4 m to 9 m) high. The high racks 
were all equipped with in-rack sprinklers, while not all of the low racks were 
equipped with in-rack sprinkler systems. 

In addition to the racks, the main warehouse area housed a variety of conveyor sys¬ 
tems and a mechanized retrieval system. 

The building was equipped with 30 overhead sprinkler systems and 17 in-rack sprin¬ 
kler systems. The facility was supplied by a 10-inch (25-cm) looped water main 
connected to a 20-inch (51-cm) municipal water main. A 300,000 gallon (1,135,600 L) 
water tank provided an additional water supply. Two 2,500 gpm (9,462 L/min) fire 
pumps, one electric and one diesel, were connected to the fire protection system. 
The electric pump was connected to the municipal water supply while the diesel 
pump was connected to the water tank. 

A fire alarm system monitored the sprinkler systems, valves, and fire pumps. Alarm 
and trouble signals were transmitted to an on-site security office that was continu¬ 
ally monitored. Alarm signals were transmitted to an off-premise supervising sta¬ 
tion that was responsible for notifying the fire department. 

There were no fire separations in the general warehouse and distribution area. 

At the time of the fire, there were 15 employees in the building. The initial fire 
occurred between 5:00 and 5:30 a.m. and originated in an area of 21-foot (6.4-m) 
high portable racks that were not protected by in-rack sprinklers. The racks con¬ 
tained wicker baskets and plastic lawn chairs. The fire spread to adjacent portable 
racks. Once discovering the fire, employees tried unsuccessfully to extinguish the 
fire using portable fire extinguishers followed by occupant-use fire hoses. The over¬ 
head sprinkler system that was located approximately 50 feet (15 m) above the top 
level of the racks activated, but did not extinguish or control the fire. The fire was 
extinguished by the fire department using an interior attack. Five alarms were 
required to bring the fire under control. Several fire department crews were left on 
the scene to continue overhaul and assist in the fire investigation. 

Once fire control had been achieved, all of the sprinkler systems in the facility were 
manually shut down by closing the individual OS&Y valves on the risers. 
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This fire was determined to be incendiary in nature. The arsonist used existing fuel 
packages to light the fire and no signs of accelerants were detected during the 
investigation. 

A second fire occurred at approximately 2:00 p.m. in an area remote from the orig¬ 
inal fire. This fire broke out in the high rack storage area in the south-central por¬ 
tion of the building. When this fire occurred, employees immediately began to turn 
the sprinkler systems back on. The sprinkler systems were not able to control the 
fire, and the warehouse and distribution area were totally destroyed. 

The portion of the building separated from the main warehouse area by the fire sep¬ 
aration wall received no damage from the initial fire, and relatively minor smoke 
and water damage from the second fire. 

The following were found to be major contributing factors to this loss: 

• Excessive clearance between the ceiling sprinklers and the top of the storage racks 
in the area of fire origin for the first fire. 

• Lack of in-rack sprinkler systems. 

• Shutting off all of the sprinkler systems in the building following the first fire. 

• Restoration of electrical service without evaluating the damage to the electrical 
system. This action was determined to have caused the second fire. 

• Lack of a fire separation wall within the 930,020 square foot (86,400 m 2 ) ware¬ 
house. 

This fire has highlighted areas that perhaps could be further addressed by research 
and in NFPA documents in order to avoid a future occurrence of such a catastrophic 
fire. 
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I. INTRODUCTION 


The National Fire Protection Association (NFPA) investigated the New Orleans 
Warehouse Fire in order to document and analyze significant factors that resulted 
in the loss of property. 

The investigation was conducted by the NFPA as part of its on-going program to 
investigate technically significant incidents. The NFPA’s Fire Investigation 
Department documents and analyzes incident details so that it may report lessons 
learned for life safety and property loss prevention purposes. 

The NFPA became aware of the fire on the day it occurred. Ed Comeau, Chief Fire 
Investigator of the NFPA Fire Investigations Department, and Milosh 
Puchovsky, Senior Fire Protection Engineer of NFPA’s General Engineering 
Department, traveled to New Orleans to perform an on-site study of this incident. 
That five-day, on-site study documentation and subsequent analysis of the event were 
the basis for this report. Access to the fire scene and data collection activities was 
made possible through the cooperation of the New Orleans Fire Department (NOFD) 
and the Bureau of Alcohol, Tobacco and Firearms (ATF) National Response Team. 

This report is another of the NFPA’s studies of fires having particular important 
educational or technical interest. All information and details regarding fire safety 
conditions are based on the best available data and observations made during the on¬ 
site data collection phase and on any additional information provided during the 
report development process. It is not the NFPA’s intention that this report pass judg¬ 
ment on, or fix liability for, the loss of property resulting from this fire. Rather, the 
NFPA intends that its report present the findings of the NFPA data collection and 
analysis effort and highlight factors that contributed to the loss of property. 

Current NFPA codes and standards were used as criteria for this analysis so that con¬ 
ditions at the New Orleans Warehouse Fire on the day of the fire could be com¬ 
pared with state-of-the-art fire protection practices. It is recognized, however, that 
these codes and standards may not have been in effect during construction or oper¬ 
ation of the building. The NFPA has not analyzed this event or the building regarding 
its compliance with the codes and standards that were in existence when the struc¬ 
ture was built or during its operation. 

The cooperation and assistance of Superintendent Warren McDaniels of the New 
Orleans Fire Department and Special Agent-in-Charge Robert A. Stellingworth of 
the Bureau of Alcohol, Tobacco and Firearms is greatly appreciated. 
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II. BACKGROUND 


Occupancy Classification 

Per NFPA 101®, Life Safety Code®, this building would have been classified as a 
storage occupancy, ordinary hazard. 


The Building 

The structure involved was the warehouse and distribution facility of a company that 
purchased close-outs and discontinued items that they then sold through a chain of 
over 300 stores. 

The building was a tilt slab structure that was completed in 1991. The primary struc¬ 
tural components were unprotected steel I-beam columns and girders, and roof sup¬ 
port was provided by unprotected metal bar joists. The facility was Type II (000) 
construction, according to NFPA 220, Standard on Types of Building Construc¬ 
tion, 1995 edition. 1 

The overall building measured 1,247 feet (380 m) (east-west) by 910 feet 
(278 m) (north-south), for a total area of 1,134,770 square feet (105,420 m 2 ). 

A portion of this facility was an office area and segregated storage area that occu¬ 
pied 204,750 square feet (19,021 m 2 ) per floor on two levels. The warehouse 
area had a footprint of 930,020 square feet (86,400 m 2 ). 

In elevation, there were two levels to the facility’s roof structure over the main ware¬ 
house area. The lower roof level ranged from a low of 35 feet (11 m) to a high of 



The total building 
measured a total of 
1,134,770 square feet 
(105,420 square meters) 
and was of tilt slab 
construction. 


' NFPA 220, Standard on Types of 
Building Construction, 1992 edi¬ 
tion. A Type II (000) structure 
will have a 0 -hour fire rating for 
the exterior bearing walls (first 
digit); a 0 -hour fire rating for 
structural frame or columns and 
girders supporting loads for more 
than one story (second digit); and 
a 0-hour fire rating for the story 
assembly (third digit). 
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39 feet (12 m). The upper level, which covered the high-bay rack area, had a max¬ 
imum height of 72 feet (22 m). 

According to the plans for the building, the roof was constructed of a single-ply 
membrane with rigid insulation over a corrugated metal deck. 

On the south side, there were 43 overhead doors where commodities were deliv¬ 
ered by truck. On the north side, there were 31 overhead doors where commodities 
were shipped out. 

Storage Configuration 

There were several types of storage configurations used in this building 

The east sections of the building were used as low rack storage areas where portable 
racks were used. These racks measured 54 inches by 54 inches by 7 feet high (137 
cm by 137 cm by 2 m). The bottom of the racks consisted of a heavy wire grating 
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The portable racks were 
located on the east end 
of the building and were 
typically stacked three 
racks, or 21 feet (6.4 
meters) high. 


material which created an open base. The portable racks were stacked so that their 
height did not exceed 21 feet (6.4 m), or three racks high. The racks were config¬ 
ured in a multiple-row rack arrangement. They were placed side by side so that rows 
consisting of a maximum of eight racks could be formed in the east-west direction 
between access aisles. In the north-south direction, the portable racks were arranged 
side by side so that 48 rows of racks could be formed between the center aisle in 
the high-bay area and the aisle at the north end of the high-bay area. The portable 
racks were spaced in a manner that allowed 4 inch to 8 inch (10 cm to 20 cm) flue 
spaces between the racks. These racks were not equipped with any in-rack sprin¬ 
kler systems. The ceiling height measured 71 feet (22 m) in this area. 

Low rack plan 

In the middle of the building were high-bay rack storage areas. The racks in these 
areas were 63 feet high by 100 feet long by 4 feet deep (19 m by 31 m by 1.2 m). 
Shelves were spaced vertically 7 feet 10 inches (2.4 m) apart. There was a longi¬ 
tudinal flue space of 6 inches (15 cm) between the racks. The presence of a trans¬ 
verse flue space could not be ascertained at the time of the investigation. Four-foot 
(1.2-m) wide aisles separated the single and double row racks. The ceiling height 
measured approximately 72 feet (22 m). It is believed that the storage in these 
racks was non-encapsulated. 

There was a mixture of commodities stored on these racks. This included wicker 
baskets and furniture, rugs, polyfil pillows, cardboard boxes, comforters, towels, 
stacked plastic chairs and plastic bags, among others. 
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The high bay racks in the 
middle portion of the 
building measured 63 
feet (19 meters) high. 



The fire wall on the west 
end of the building sepa¬ 
rated the main portion of 
the warehouse from the 
office, administrative 
and tenant spaces. 


Storage areas were segregated from the main warehouse area by a fire separation 
barrier on the west end of the building. According to the building’s occupants, these 
areas were high-bay storage areas where food stuffs and flammable/combustible liq¬ 
uids were stored. Above these storage areas was a tenant space that was used for 
light electrical manufacturing and storage operations. 
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Commodities were delivered by tractor trailer through overhead doors on the south 
side of the building. The commodities were then repackaged and stored on the racks 
until shipped out to retail stores. The northern part of the building contained a con¬ 
veyer system for moving product from the racks to the loading docks on the north 
side of the building. 


Fire Protection Systems 

Sprinkler Systems 

The warehouse was protected by 30 overhead sprinkler systems and 17 in-rack sprin¬ 
kler systems. The site was connected to the municipal supply via a 12-inch (30- 
cm) main connected to a private 10-inch (25-cm) fire service main that looped the 
building and supplied both the sprinkler systems and the private hydrants on the 
property. The system was augmented by two 2500-gpm (9,463-L/min) centrifugal 
fire pumps that supplied 100 psi (690 kPa) of water pressure. The primaiy fire pump 
was an electric pump connected directly to the electric service that drew its water 
from a 20-inch (51-cm) city main via the 12-inch (30-cm) connection mentioned 
above. The secondary fire pump was a diesel driven pump that drew water from a 
300,000 gal (1,135,500 L) tank located adjacent to the p ump house. 

The sprinkler system over the area of origin for the first fire was designed to sup¬ 
ply a density of 0.45 gpm/square feet (18 L/min/m 2 ) over a design area of 2,500 
square feet (232 m 2 ). There were no in-rack sprinklers in this area. The ceiling 
was located approximately 72 feet (22 m) above the floor and 51 feet (16 m) above 
the highest level of racks. The sprinklers were spaced so that each covered an area 
of approximately 71 square feet (7 m 2 ). Sprinklers were standard response with a 
nominal orifice of 17/32 inch (1.3 cm) and a temperature rating of 286°F (141°C). 



The pump house had 
electric and diesel fire 
pumps that were con¬ 
nected to the municipal 
water supply and to a 
300,000 gallon 
(1,135,800 liter) tank. 
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The sprinkler system was 
controlled by a number of 
supervised OS&Y valves 
located on each of the 
risers. 


The sprinkler system over the high rack storage area was designed to supply a den¬ 
sity of .45 gpm/square feet (18 L/min x m 2 ) over 2,500 square feet (232 m 2 ). The 
sprinklers had a nominal orifice of 17/32” (1.3 cm) and a temperature rating of285°F 
(141° C). The high racks were also equipped with in-rack sprinklers. Face sprin¬ 
klers were alternated with in-rack sprinklers at T 10” foot (2.4 m) intervals. 2 


The sprinkler design area took the shape of a rectangle with the longer dimension 
equal to 1.4 times the square root of the area of sprinkler operation (1.4 times the 
square root of 2,500 square feet (232.3 m)). This is considered to be a more con¬ 
servative approach than the typical rule that requires the longer dimension to be equal 
to 1.2 times the square root of the area of sprinkler system operations (1.2 times the 
square root of 2,500 square feet (232.3 m)). 

Structural Fire Separations 

There was one fire separation wall at the west end of the structure. Within this two 
floor area were offices, a cafeteria, and high rack storage for food and flamma¬ 
ble/combustible liquids. In addition, there was a tenant area on the second floor 
where electrical and computer components for ship navigation were manufactured. 


1 This information was based on a 
review of facility plans provided by 
the building owner to NOFD and 
ATF. Due to the hazardous struc¬ 
tural conditions in the building fol¬ 
lowing the fire it was not possible 
to field check the drawings. How¬ 
ever, the owner indicated that as far 
as was known they were an accurate 
portrayal of the installation. 


The main warehouse floor, which measured 930,020 square feet (86,400 m 2 ), did 
not have any fire separation barriers. 


© NATIONAL FIRE PROTECTION ASSOCIATION • NEW ORLEANS. LOUISIANA, FIRE INVESTIGATION REPORT 





Fire Alarm System 


The building was equipped with a fire alarm system that transmitted building-wide 
alarms upon activation. An annunciator panel was located in a constantly attended 
location on-site. In addition, alarm signals were transmitted to an off-premise su¬ 
pervising station. The fire alarm system monitored the sprinkler systems for water 
flow activation, and provided supervision for the tamper switches on the riser OS&Y 
valves, the riser PIV’s, and the yard loop PIV’s. The alarm system also provided 
supervision for the electrical fire pump, fuel level in the diesel fuel tank for the diesel 
fire pump, and supervised the valves in the pump house. 

In the warehouse area, there were overhead unit heaters that were equipped with 
duct mounted smoke detectors in the supply ductwork. 

According to facility personnel, activation of a flow switch, a smoke detector, or a 
manual pull station would result in a building-wide alarm being sounded. An alarm 
signal would be sent to the off-premise supervising station, which would then call 
the fire department. 

The fire alarm system also served as a security system and monitored the status of 
a number of doors in the facility. Whenever a door was opened, it would send a trou¬ 
ble signal to the fire alarm panel. 

Building Occupants 

The building was occupied by 15 people at the time of the fire. 

The New Orleans Fire Department 

The New Orleans Fire Department (NOFD) is a paid department comprised of 853 
members providing service to a population of 500,000 citizens. In 1995, the 
department responded to 3,150 fires from 33 stations with an on-duty strength of 
234 fire fighters in three platoons. Their response area covers 350 square miles 
(907 sq km). 
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III. THE FIRE 


Discovery and Occupant Activities 

The first fire, determined to be incendiary, occurred between 5:00 a.m. and 5:30 a.m. 
According to the fire alarm system printout, a flow switch was activated at 5:32 a.m. 
for Riser #S403. The point of origin has been pinpointed to an area where portable 
racks stored a wide variety of commodities. In the specific area of origin it is be¬ 
lieved that the racks contained wicker baskets and plastic lawn chairs. According 
to witness statements, when the fire was detected it was reported to have fully in¬ 
volved the three-tier rack, that was 21 feet (6.4 m) high, and was extending to the 
ceiling. The New Orleans Fire Department and the Bureau of Alcohol, Tobacco and 
Firearms determined that the arsonist used existing fuel packages and no evidence 
of accelerants was found. 

The racks where the fire occurred were portable racks. Each rack was 7 feet 
(2.1 m) high, and stacked three storage units high for a total height of 21 feet (6.4 
m). The racks could be moved about by fork-lift trucks, and were located directly 
adjacent to each other. There were no in-rack sprinkler systems within these racks, 
and the ceiling sprinkler system was approximately 51 feet (16 m) above the top of 
the racks. 

After discovering the fire, the employees initially attempted to fight the fire using 
portable fire extinguishers. They soon realized, however, that the fire was too large 
and proceeded to move a portable hose reel cart into the vicinity of the fire. This 
cart was connected to a hose station that was located to the south of the fire. A line 



The fuel load in the area 
where the fire started 
was combustible materi¬ 
als, which included 
wicker baskets. 
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was extended, however, there was no nozzle connected to this line and fire fighting 
was not attempted. 

Another hose cart was moved to the north of the fire area and connected to 
another hose connection. A line was extended from this cart, and water was directed 
at the fire in an effort to extinguish it. These efforts continued until the arrival of 
the fire department at 5:40 a.m. 

Employees confirmed that the ceiling sprinkler system did activate prior to the 
arrival of the fire department, as indicated by the alarm system printout. The fire 
was not contained by either the employee’s manual firefighting operations or by 
the sprinkler system. 


© NATIONAL FIRE PROTECTION ASSOCIATION • NEW ORLEANS, LOUISIANA, FIRE INVESTIGATION REPORT 


12 
























Employees attempted to 
fight the fire first using 
portable fire extinguish¬ 
ers and then portable 
hose reels. 


Fire Department Notification and Response 

The New Orleans Fire Department was notified of the fire at 5:32 a.m. and responded 
at 5:37 a.m. (5-minutes elapsed time) with an initial assignment of six units (E04, 
E06, E12, L3, C504, RS). Engine 6 was on the scene at 5:40 a.m. (8-minutes elapsed 
time) and reported heavy smoke showing. A second alarm was requested by 
Engine 6 at 5:42 a.m. (10-minutes elapsed time), and eight additional units were dis¬ 
patched. At 5:48 a.m. (16-minutes elapsed time) a third alarm was requested by 
Engine 6. A total of five alarms were requested. 

The initial fire was not controlled by the ceiling sprinkler system that was located 
approximately 70 feet (21 m) above the floor. When Engine 4 arrived on the scene, 
it reported that the fire was through the roof at 5:43 a.m. (11-minutes elapsed time)! 
Fire department personnel began an interior fire-fighting operation in order to con¬ 
tain the fire. It was declared under control at 8:44 a.m. (3 hours, 12 minutes elapsed 
time), and extinguished at 11:54 a.m. (5 hours, 22 minutes elapsed time). 

Once the first fire was suppressed, fire department personnel began overhaul oper¬ 
ations. ATF and NOFD began their cause and origin investigation immediately fol¬ 
lowing this fire. 

According to the facility management personnel, all of the sprinkler systems in the 
building were manually shut down by closing their individual control valves at some 
point in time following the first fire. According to the New Orleans Fire Depart¬ 
ment, this was done due to numerous sprinkler heads which had opened through¬ 
out the warehouse, causing extensive water damage. 
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According to ATF, at approximately 2:20 p.m., electrical power (which had been 
shut down at some point after the first fire) was restored by facility personnel to the 
conveying system within a section of the racks in the south-central portion of the 
building. Damaged wiring in this area arced and ignited combustible materials. 
As soon as the second fire was discovered, facility personnel began opening the 
OS&Y valves on the ceiling and in-rack sprinkler systems. However, because these 
systems were impaired during the initial stages of the second fire, they were over¬ 
whelmed, and the fire department had to mount a defensive operation. 

This second fire was declared under control on Wednesday, March 27,1996 at 9:08 
p.m., six days after the first fire. 

Casualties 

There were no civilian or fire fighter injuries or fatalities as a result of this fire. 


Damage 

The warehouse and distribution portion of the building, and its contents, were 
totally destroyed by the second fire. There was minimal fire and water damage to 
the area located on the other side of the fire separation wall. There was some 
structural damage to the walls due to the stresses placed on this portion of the build¬ 
ing by the collapsing roof on the east side of the fire separation wall. 



The main portion of the 
building was totally de¬ 
stroyed by the fire. 
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IV. TIME LINE 


Date 

Time (elapsed time) Action 

3/21/96 

5:32 a.m. (0:00) 

Waterflow switch activation at Riser #S403 

3/21/96 

5:32 a.m. (0:00) 

First call received from warehouse by NOFD 

3/21/96 

5:33 a.m. (0:01) 

Call received from alarm monitoring company 
by NOFD 

3/21/96 

5:33 a.m. (0:01) 

Duct-mounted detector in unit heater #15 
activated 

3/21/96 

5:34 a.m. (0:02) 

Duct-mounted detector in unit heater #14 
activated 

3/21/96 

5:34 a.m. (0:02) 

Duct-mounted detector in unit heater #16 
activated 

3/21/96 

5:35 a.m. (0:03) 

Waterflow switch activation at Riser #N420 

3/21/96 

5:35 a.m. (0:03) 

Waterflow switch activation at Riser #S402 

3/21/96 

5:35 a.m. (0:03) 

Duct-mounted detector in unit heater #10 
activated 

3/21/96 

5:35 a.m. (0:03) 

Duct-mounted detector in unit heater #30 
activated 

3/21/96 

5:35 a.m. (0:03) 

Duct-mounted detector in unit heater #29 
activated 

3/21/96 

5:37 a.m. (0:05) 

Waterflow switch activation at Riser #S401 

3/21/96 

5:37 a.m. (0:05) 

Waterflow switch activation at Riser #N422 

3/21/96 

5:37 a.m. (0:05) 

First alarm dispatched by NOFD. Engines 4, 

6,12, Ladder 3, Car 504, RS 

3/21/96 

5:39 a.m. (0:07) 

Electrical fire pump running 

3/21/96 

5:40 a.m. (0:08) 

Engine 6 is on the scene reporting heavy 
smoke showing 

3/21/96 

5:42 a.m. (0:10) 

Engine 6 requests a second alarm 
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3/21/96 

5:43 a.m. (0:11) 

Engine 4 reports fire through the roof 

3/21/96 

5:43 a.m. (0:11) 

Second alarm dispatched 

3/21/96 

5:49 a.m. (0:17) 

Third alarm dispatched 

3/21/96 

6:01 a.m. (0:29) 

Fourth alarm dispatched 

3/21/96 

6:52 a.m. (1:20) 

Fifth alarm dispatched 

3/21/96 

8:44 a.m. (3:12) 

First fire declared under control 

3/21/96 

11:54 a.m. (5:22) 

First fire declared out 

3/21/96 

2:20 p.m. (0:00) 

Second fire ignited by the restoration of elec¬ 
trical service. First alarm assignment dis¬ 
patched. Engines 4,6, Ladder 3 and Car 504. 

3/21/96 

2:27 p.m. (0:07) 

Second alarm dispatched. Engines 12,8,36, 
Ladder 13, Car 503, RS, 810, Rehab, SU 

3/21/96 

2:28 p.m. (0:08) 

Third alarm dispatched 

3/21/96 

2:35 p.m. (0:15) 

Fourth alarm dispatched 

3/21/96 

2:40 p.m. (0:20) 

Fifth alarm dispatched 

3/27/96 

9:08 a.m. 

Fire declared under control by order of Car 
200 
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V. ANALYSIS 


Cause and Origin 

The first fire was determined to be incendiary in nature, with the existing commodity 
serving as the initial fuel package. This fire was located in the northeast portion of 
the warehouse. No evidence of accelerants was detected by investigators from the 
New Orleans Fire Department and ATF. 

The second fire was determined to be electrical in nature and caused when power 
was restored to an electrical system in the vicinity of the racks in the south-central 
portion of the warehouse. The wiring arced and ignited materials that were stored 
in the racks. 


Fire Growth and Spread 

The first fire, reported at 5:32 a.m., quickly involved the combustible materials be¬ 
ing stored in the 21-foot (6.4-m) high portable racks. The rapid fire spread could 
be attributed to the combustible nature of the products being stored and their stor¬ 
age configuration. 

By approximately 5:43 a.m., the fire had penetrated through the roof. It was brought 
under control by the New Orleans Fire Department at 8:44 a.m. and declared out at 
11:54 a.m. 

The second fire quickly ignited the combustible materials in the racks in the south- 
central area of the building. Immediately after the first fire, all of the ceiling and 
in-rack sprinkler systems had been individually shut down. When the second fire 
broke out, personnel began re-opening the OS&Y valves on the risers, but the fire 
spread rapidly and overwhelmed the sprinkler system. This fire completely de¬ 
stroyed the contents of the building and caused widespread structural collapse 
throughout the building. 


Code Analysis 

In analyzing this incident, the following NFPA standards, guides, and recommend¬ 
ed practices were used: 

NFPA 13, Standard for the Installation of Sprinkler Systems, 1994 edition 
NFPA 13E, Guide for Fire Department Operations in Properties Protected by Sprin¬ 
kler and Standpipe Systems, 1995 edition 

NFPA 24, Standard for the Installation of Private Fire Service Mains and their 
Appurtenances, 1995 edition 

NFPA 25, Standard for the Inspection, Testing, and Maintenance of Water-Based 
Fire Protection Systems, 1995 edition 

NFPA 231C, Standard for Rack Storage of Materials, 1995 edition 


Full text of the 
relevant NFPA code 
sections are contained 
in section VH[ of 
this report. 
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NFPA 1420, Recommended Practice for Pre-Incident Planning for Warehouse Oc¬ 
cupancies, 1993 Edition 


Sprinkler System 

NFPA 231C, Standard for Rack Storage of Materials, applies to the space where 
the initial fire occurred. The amount of plastics present would indicate that, as a 
minimum, the sprinkler system protection criteria should be based upon the re¬ 
quirements for Class IV commodities (231C:2-1.4). Multiple-row rack storage of 
Class IV commodities, up to 21 feet (6.4 m) with a rack depth in excess of 16 feet 
(4.9 m), require two levels of in-rack sprinklers, in addition to the overhead sprin¬ 
kler system (231C:6-14.1; Table 6-14.1 and 6-15.1). Fourteen in-rack sprinklers, 
seven on each level, are required to operate simultaneously with the overhead sys¬ 
tem. These in-rack sprinklers are required to discharge at not less than 15 psi (103.4 
kPa) (231C:6-7). When high temperature sprinklers are used, the ceiling sprinklers 
require a density of 0.365 gpm/square feet (14.9 L/min/m 2 ) over an operating area 
of 2,500 square feet (232.3 m 2 ) (231C:Table 6-14.1 and Figure 6-12 (d)). This as¬ 
sumes 2 levels of in-rack sprinklers are installed. No criteria is provided when in¬ 
rack sprinklers are not used. With regard to clearance between the top of the stor¬ 
age and the ceiling, NFPA 231C is silent for storage heights not exceeding 25 feet 
(7.6 m). For storage height in excess of 25 feet (7.6 m), a maximum 10 foot (3 m) 
clearance is specified. 


System Impairments 

The catastrophic damage that occurred was attributed to the fact that all of the sprin¬ 
kler systems were shut down throughout the entire facility following the first fire. 
The subject of system impairment is discussed in the following NFPA documents: 

- NFPA 13E, Guide for Fire Department Operations in Properties Protected by 
Sprinkler and Standpipe Systems, 1995 edition, Section 2-4; 

- NFPA 24, Standard for the Installation of Private Fire Service Mains and Their 
Appurtenances, 1995 edition, Section A-3-6.2) 

- NFPA 25, Standard for the Inspection, Testing, and Maintenance of Water-Based 
Fire Protection Systems, 1995 edition, Section 11-6; 

- NFPA 1420, Recommended Practice for Pre-Incident Planning for Warehouse Oc¬ 
cupancies, 1993 edition, Section 6-1.1.1.3; 

However, procedures regarding the shutting down and monitoring of systems im¬ 
mediately following a fire are not specifically addressed. Nor is any information 
provided on which systems should be shut down in such situations. This is an area 
in which additional guidelines may need to be developed. 


Utility Restoration 

The authors were unable to identify any reference in an NFPA standard, code, or 
recommended practice that addressed the issue of restoration of utilities and how it 
should be handled following an emergency. 
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VI- DISCUSSION 


This incident brings to light the following four areas: 


Sprinkler System Performance 

The first fire exposes concerns regarding large clearances between the top of the 
storage racks and the ceiling sprinkler systems. There was an estimated clearance 
of approximately 51 feet (16m) between the two in the area of origin. NFPA 231C 
is silent on clearances for storage heights not exceeding 25 feet. For storage heights 
exceeding 25 feet (7.6 m), a 10 foot (3 m) clearance is not to be exceeded. The 
large clearances likely played a major role in the failure of the overhead sprinkler 
system in controlling the fire. This fire incident spotlights what can happen when 
large clearances exist. 

Another factor contributing to the failure of the overhead system is the absence of 
in-rack sprinklers, of which two levels are required by NFPA 231C. However, it is 
nearly impossible and veiy impractical to install in-rack sprinklers in portable racks. 
Nevertheless, in-rack sprinklers are considered a major component of the sprinkler 
system when protecting Class IV commodities in multiple row racks up to a height 
of 21 feet (6.4 m) where their depth exceeds 16 feet (4.9 m). In fact, NFPA 231C 
provides no acceptable alternative ceiling density without in-rack sprinklers. 

The sprinkler systems never had a chance to control the second fire because the main 
control valves were shut off after the first fire was extinguished. A sprinkler sys¬ 
tem s ability to control a fire is greatly reduced if it cannot operate during the ini¬ 
tial stages of fire development. By the time the second fire was discovered and ef¬ 
forts were made to open the valves, the fire had grown to a size where the sprinkler 
discharge would not have been effective. 

Another factor that may have negatively affected sprinkler performance is the fact 
that the second fire did not occur in the same area as the first. Sprinklers located 
remote from the second fire had opened during the first fire. When all of the con¬ 
trol valves were re-opened, water would have been flowing out of the sprinklers lo¬ 
cated some distance away from the second fire. This would, most likely, reduce 
the discharge density of sprinklers over the second fire area. A sprinkler system is 
designed so that only those sprinklers in the design area operate. The operation of 
sprinklers outside the design area, in addition to those in the design area, can result 
in a discharge density that is not adequate for the hazard. 


Separations 

The lack of fire separation within the structure allowed the fire to spread through¬ 
out the building once the sprinkler system was impaired. A great deal of reliance 
was being placed upon the sprinkler system to control the fire. While properly de¬ 
signed, installed, and maintained sprinkler systems have an excellent record of con- 
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trolling fires, it can be necessary to employ a more comprehensive fire protection 
plan which accounts for uncertainties when extremely large values are at stake. 

When the second fire occurred, the sprinkler systems were all shut off, and the fire 
grew well beyond the ability of the systems to control the fire when they were re¬ 
stored. The building was totally destroyed, except for the western portion of the 
building, which was separated by a fire barrier. If there had been additional sepa¬ 
rations used throughout the structure, it may have been possible for the fire depart¬ 
ment or the sprinkler system to control or limit the scope of the fire before it reached 
such an overwhelming magnitude. 


System Impairment 

During overhaul operations, all of the ceiling and in-rack sprinkler systems through¬ 
out the building were shut down at the system’s OS&Y valves, despite the fact that 
fire damage was limited to a relatively small area in the northeastern portion of the 
building. According to the New Orleans Fire Department, it was necessary to shut 
off each riser because a number of sprinkler heads had opened throughout the fa¬ 
cility following the first fire. 


As the electricity was restored, a second fire broke out in a remote area from the first 
and there was no water in the sprinkler systems to control the fire. Despite efforts 
to turn the systems back on as quickly as possible, the fire grew rapidly and the 
systems were overwhelmed. The fact that the sprinkler systems were shut off indi¬ 
vidually contributed significantly to the resulting destruction of the building. 


This is an area that is not specifically addressed in the body of any NFPA docu¬ 
ment. The appendix of NFPA 24 states that personnel should be assigned to the 
valves with the responsibility to restore service, if needed. It is also considered a 


recommended fireground practice that only the sprinkler system direcdy affected by 
the fire should be shut down in order to limit the system impairment to the minimum 
amount necessary for overhaul operations. In the event that a large number of sys¬ 
tems, such as was the case at this fire, need to be taken out of service, additional 
measures are called for to ensure that the systems are placed back in service as quick¬ 
ly as possible. Under such conditions, guidelines for fireground operations would 
be helpful in providing guidance to emergency service providers. 


Utility Restoration 

It was determined during the investigation that electricity had been restored to a dam¬ 
aged section of the racks during the overhaul phase of the operation. The restora¬ 
tion of electrical service was done before the system could be fully evaluated for 
damage. According to the fire department, the section that was restored had been 
damaged in some manner during the first fire, and the arcing that occurred ignited 
material in the racks. Failure to isolate or repair the damaged section prior to restor¬ 
ing power was another key factor in contributing to the ignition of the second fire. 
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It is imperative to ensure that services are restored in a planned and coordinated man¬ 
ner, and only after a complete survey of the damage has been taken. 

There are several hazards associated with an uncoordinated restoration of utilities. 
This incident highlighted the potential danger of igniting a secondary fire. The po¬ 
tential risk to rescue personnel and other workers operating in the area during over¬ 
haul and restoration can also be a significant danger. Utility systems that have been 
damaged during a fire should be inspected and repaired before re-energizing or 
restoring. It is also imperative that everyone involved with the overhaul and restora¬ 
tion operations be aware of what actions are being taken by the different agencies 
and services involved. 
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VII. SUMMARY 


This was a tragic loss that could have possibly been avoided had some basic oper¬ 
ational procedures been followed regarding the shut down of suppression systems 
and the restoration of electrical service. The initial fire provides the fire engineer¬ 
ing community with some valuable insight into the inability of ceiling sprinkler sys¬ 
tems to control fires that are located a significant distance below them. It also il¬ 
lustrates the need for protection criteria for portable rack storage. The second fire, 
resulting in the almost total destruction of the building, was one that could have pos¬ 
sibly been avoided had the restoration of the electrical service not been done until 
it was fully tested and repaired, and if all of the building’s sprinkler systems had 
not been shut down after the first fire, and fire separations had been present within 
the warehouse area. These factors, together, created the conditions for the cata¬ 
strophic fire that was well beyond the ability of the fire department to control. 
In reviewing the NFPA codes, standards, and recommended practices, it is appar¬ 
ent that these issues need to be further addressed. 
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VIII NFPA Codes 


NFPA 13E, Guide for Fire Department Operations in Properties Protected by 
Sprinkler and Standpipe Systems, 1995 edition: 

13E:2-4 Post-Fire Operations. 

2-4.1 AUTOMATIC SPRINKLERS SHOULD NOT BE SHUT OFF UNTIL AF¬ 
TER THE FIRE HAS BEEN EXTINGUISHED. If there is a sectional or floor valve, 
this should be closed in lieu of the main valve. A fire fighter, preferably with a 
portable radio, should be assigned to remain at the valve until overhaul is complet¬ 
ed. 

NFPA 25, Standard for the Inspection, Testing, and Maintenance of Water-Based 
Fire Protection Systems , 1995 edition: 

25:11-6 Emergency Impairments. 

Emergency impairments include but are not limited to system leakage, interruption 
of water supply, frozen or ruptured piping, and equipment failure. When this oc¬ 
curs, appropriate emergency action shall be taken to minimiz e potential injury and 
damage. The coordinator shall implement the steps outlined in Section 11-5. 

(Editor’s note: Section 11-5 deals with risk assessment and notifications). 

NFPA 231C, Standard for Rack Storage of Materials, 1995 Edition 

231C:2-1.4 Class IV commodities are defined as Class I, n, and HI products con¬ 
taining an appreciable amount of Group A plastics in paperboard cartons or Class 
I, H, and HI products with Group A plastic packing in paperboard cartons on wood 
pallets. Group B plastics and free-flowing Group A plastics also are included in 
this class. (See Section 1-1.) 

Examples of Class TV products include: 

Small appliances, typewriters, and cameras with plastic parts; plastic-backed tapes; 
and synthetic fabrics or clothing. An example of packing material is a metal prod¬ 
uct in a foamed plastic cocoon in a corrugated carton. 

Class IV commodities also include: 

Textiles. Synthetic thread and yam, except viscose; nonviscose synthetic fabrics 
or clothing. 

Others. Vinyl floor tile; wood or metal frame upholstered furniture or mattress¬ 
es with plastic covering or padding, or both; plastic-padded metal dashboards or 
metal bumpers. 

231C:6-7 In-Rack Sprinkler Discharge Pressure. Sprinklers in racks shall dis¬ 
charge at not less than 15 psi (103.4 kPa) for all classes of commodities. 
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231C:6-8 In-Rack Sprinkler Water Demand. The water demand for sprinklers 
installed in racks shall be based on simultaneous operation of the most hydraulically 
remote sprinklers as follows: 

(a) Six sprinklers where only one level is installed in racks with Class I, n, or m 
commodities; 

(b) Eight sprinklers where only one level is installed in racks with Class IV com¬ 
modities; 

(c) Ten sprinklers (five on each two top levels) where more than one level is in¬ 
stalled in racks with Class I, II, or IE commodities; 

(d) Fourteen sprinklers (seven on each two top levels) where more than one level 
is installed in racks with Class IV commodities. 

231C:6-14.1 For encapsulated or nonencapsulated storage in multiple-row racks 
deeper than 16 ft (4.88 m), or with aisles less than 8 ft (2.44 m) wide, in-rack sprin¬ 
klers shall be installed in accordance with Table 6-14.1. 

Table 6-14.1 Multiple-Row Racks; Rack Depth Over 16 ft or Aisles Narrower than 
8 ft, Storage Height up to and Including 25 ft. 

231C:6-15 Ceiling Sprinkler Water Demand. 

231C:6-15.1 For nonencapsulated Class I, n, HI, or IV commodities, ceiling sprin¬ 
kler water demand in terms of density (gpm/ft 2 ) [(L/min)/m 2 ] and area of sprinkler 
operation [ft2 (m 2 ) of ceiling or roof] shall be selected from the curves in Figures 
6-12(a) through (d). The curves in Figures 6-12(a) through (d) also shall apply to 
portable racks arranged in the same manner as single-, double-, or multiple-row 
racks. The design shall be sufficient to satisfy a single point on the appropriate curve 
related to the storage configuration and commodity class. It shall not be required to 
meet all points on the selected curve. Figure 6-9.2 shall be used to adjust density 
for storage height unless otherwise specified. (See A-6-6.1 andA-6-12.) 


Ceiling sprinkler density (L/min)/m 2 


Curve Legend 



A — Single-or double-row racks 
with 8-ft (2.44-m) aisles 
with 286°F (141°C) 

_ ceiling sprinklers and 

% 165°F (74°C) 

In-rack sprinklers, 
o B — Single-or double-row 
g racks with 8-ft (2.44-m) 

& aisles with 165°F (74°C) 

° ceiling sprinklers 

|> and 165°F (74°C) 

c in-rack sprinklers. 

q. C — Single-or double-row racks 
" with 4-ft (1.22-m) aisles or 

® multiple-row racks with 

| 286°F (141 °C) ceiling 

® sprinklers and 165°F (74°C) 

& In-rack sprinklers, 

jg D — Single-or double-row racks 
o with 4-ft (1,22-m) aisles or 

multiple-row racks with 
165°F (74°C) ceiling 
sprinklers and 165°F (74°C) 
in-rack sprinklers. 


Curve Legend 

E — Single-or double-row racks 
with 8-ft (2.44-m) aisles 
and 286°F (141°C) celling 
sprinklers. 

F — Single-or double-row racks 
with 8-ft (2.44-m) aisles 
and 165°F (74°C) ceiling 
sprinklers. 

G — Single-or double-row racks 
with 4-ft (1.22-m) aisles 
and 286°F (141°C) ceiling 
sprinklers. 

H — Single-or double-row racks 
with 4-ft (1.22-m) aisles 
and 165°F (74°C) ceiling 
sprinklers. 


Figure 6-12(d) Sprinkler system design curves—20-ft (6.1 m) high rack storage— 
Class IV nonencapsulated commodities—conventional pallets 
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T»ble 6-14 Multiple-Raw Rucks. Rack Depth up to and Including 16 ft. 
Aisles Wider than 8 ft, Storage Height up to IS ft. 
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NFPA 1420, Recommended Practice for Pre-Incident Planning for Warehouse 
Occupancies , 1993 edition: 


Table 6-14 Multiple-Row 
Racks. Rack Depth up to 
and Including 16 ft, 
Aisles Wider than 8 ft, 
Storage Height up to 25 
ft. (Source: NFPA231C). 


1420:6-1.1.1.3 Impairment to the System During a Fire. 

The system is impaired when any sprinkler control valve is shut prematurely dur¬ 
ing a fire. This obviously turns off the water to sprinklers. Well-meaning facility 
employees or members of the fire department might shut the valve in order to re¬ 
duce smoke or to control water damage; however, this action only prevents sprin¬ 
klers from gaining control of a fire in its critical development stage. Even if the 
valve is turned on again later, the fire might have grown beyond the point where 
sprinklers can control it. 

In the appendix of NFPA 24, Standard for the Installation of Private Fire Service 
Mains and Their Appurtenances, 1995 edition, it states in Section A-3-6.2: 

Where water is shut off to the sprinkler or other fixed water-based fire suppres¬ 
sion systems, a guard or other qualified person should be placed on duty and 
required to continuously patrol the affected sections of the premises until such 
time as protection is restored. 

During specific critical situations, a person should be stationed at the valve so that 
the valve may be reopened promptly if necessary. It is the intent of this section that 
the person remain within sight of the valve and have no other duties beyond this re¬ 
sponsibility. This procedure is considered imperative when fire protection is shut 
off immediately following a fire. 
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